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CLINICAL RESEARCH

Ultrasound scanning in the detection of hepatic fibrosis and
steatosis

S H SAVERYMUTTU, A E A JOSEPH, J D MAXWELL

Abstract

Hepatic steatosis and fibrosis produce abnormal echo patterns
on ultrasound scanning, but the potential of ultrasound scanning
for diagnosing these conditions in routine clinical practice is
uncertain. A prospective comparative study of 85 patients with
histologically assessed liver conditions was performed, and
specificity was assessed in 76 patients with functional bowel
disease who were presumed to have normal livers.

Histological examination showed steatosis ranging from mild
to severe in 48 patients and fibrosis ranging from increased
fibrous tissue to established cirrhosis in 35 patients. Ultrasound
scanning accurately identified steatosis, recognising 45 cases
(sensitivity 94%) with a specificity of 84%. Fibrosis was less
reliably detected (sensitivity 57% and specificity 88%). Of the 50
patients with alcoholic liver disease, 47 (94%) yielded abnormal
results on scanning. In the 76 patients with functional bowel
disease there was only one false positive result, giving a
specificity of99% in this group.
As hepatic steatosis is the earliest change in alcoholic liver

disease and seems to be of prognostic importance for the
development of cirrhosis, ultrasound scanning provides an
effective screening procedure, particularly in the occult alco-
holic, who often presents with non-specific gastrointestinal
complaints.

Introduction

Real time ultrasound scanning is accepted as the first line imaging
investigation in patients with suspected liver disorders. Although
the liver may be affected by a wide variety of diseases, two major
patterns are seen: focal and diffuse disease. In focal disease-for
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example, extrahepatic biliary obstruction or metastatic disease-
many series have confirmed the accuracy of ultrasound scanning in
diagnosis, and this is valuable in clinical management.' In
parenchymal liver disease, however, despite the reported asso-
ciation of recognisably abnormal echo patterns with both steatosis
and fibrosis,' the value of scanning in diagnosis and management is
uncertain.4 The major factor that has inhibited decision making
based on ultrasound findings in patients with parenchymal liver
disease is the doubt about the accuracy of scanning when performed
in the routine clinical setting. Furthermore, the reported accuracy
in selected groups of patients in both retrospective and prospective
studies has varied greatly, particularly for patients with fatty
infiltration, with sensitivities ranging from 9% in patients with
alcoholic liver disease6 to 80% in patients with unselected liver

7disease.
We attempted to define the clinical value of routine ultrasound

examination in patients with parenchymal liver disease by prospect-
ively comparing the result of scanning with histological diagnosis
based on liver biopsy specimens.

Patients and methods

In a prospective study over two years abdominal ultrasound examination
was performed on 450 patients referred from a general gastroenterology
or liver clinic because of upper abdominal discomfort, hepatomegaly,
abnormal results of liver function tests, or suspected alcoholic liver disease.

Evaluation of the accuracy of ultrasound scanning in identifying liver
disease was restricted to the 85 patients for whom results of histological
examination of the liver were available within 28 days of the ultrasound scan,
either from percutaneous biopsy or postmortem examination. Table I gives
the full list of diagnoses for these 85 patients. Most were found to have
alcoholic liver disease, but no advice about reducing intake of alcohol was
given until after biopsy. Biopsy specimens showing fatty infiltration were
graded according to the degree of steatosis as mild, moderate, or severe; and
those showing fibrosis were classified according to whether or not cirrhosis
was present (table II).
Comparison of results obtained by ultrasound and histological examina-

tion in a normal control group was not possible as biopsy is not justified in
patients without evidence of liver disease. We therefore attempted to
evaluate the specificity of ultrasound scanning by analysing its accuracy in all
patients with a final diagnosis of irritable bowel disease who fulfilled the
following criteria: normal results of routine liver function tests, normal
haemoglobin and mean cell volume, admitted daily alcohol consumption of
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<40 g in men and <20 g in women, and body weight within 20% of ideal. Of
the 450 patients entered into the prospective study, 76 fulfilled these criteria
and were presumed to have normal livers.

Ultrasound scanning was performed by a single operator with a Techni-
care Autosector (real time) using a 5 mHz transducer. The time gain
compensation settings were identical for all patients when depth of beam
penetration was evaluated. The overall gain and initial gain settings were
kept within a narrow range. Time gain compensation settings were altered
only after the presence of fat or fibrosis had been evaluated and if the deeper
parts of the liver could not be evaluated adequately. When deeper beam
penetration was needed to complete the examination a 3 5 mHz transducer
was used. The mean duration of each examination was 15 minutes, which
included assessment of gall bladder, liver, and pancreas specifically and the
rest of the abdomen. The operator, who was unaware of the patients' clinical
details or laboratory findings, was asked to complete a standard protocol
sheet, indicating, firstly, whether the liver was abnormal or normal and,
secondly, whether the abnormality was indicative of the presence of steatosis
or fibrosis, or both.
The criterion for steatosis was hyperechogenic liver tissue with

fine, tightly packed echoes. With the 5 mHz transducer posterior beam
penetration was an inevitable finding. The degree of steatosis was assessed
by the fall in echo amplitude with depth (rate of posterior beam attenuation),
increasing discrepancy of echo amplitude between liver and kidney, and loss
of echoes from the walls of the portal veins.
Mild steatosis was thus recognised by a slight increase in liver echo-

genicity, a slight exaggeration of liver and kidney echo discrepancy, and
relative preservation of echoes from the walls of the portal vein. Moderate
steatosis was accompanied by loss of echoes from the walls of the portal
veins, particularly from the peripheral branches, resulting in a featureless
appearance of the liver. In addition, greater posterior beam attenuation was
found and a greater discrepancy between hepatic and renal echoes. Severe
steatosis was recognised by a greater reduction in beam penetration, loss of
echoes from most of the portal vein wall, including the main branches, and a
large discrepancy between hepatic and renal echoes.

Fibrosis, when present without noticeable steatosis, was recognised by a
coarse echo pattern. In contrast to steatosis, in patients with fibrosis the
portal vein walls are preserved and may in fact be exaggerated and posterior
beam attenuation is not a noticeable feature. Cirrhosis was diagnosed only in
the presence of regeneration nodules and was best seen on the surface of the
liver, causing an irregular outline. Recognising fibrosis in the presence of
steatosis was the greatest problem, and in patients with both conditions
fibrosis was reported only when coarse echoes ("pin head" echoes)
developed within the fine echo pattern of steatosis.

Results

FOCAL LIVER DISEASE

Eight patients had focal liver disease (table I) (in three cases associated
with an underlying cirrhosis), which was correctly diagnosed by ultrasound
scanning in all eight.

PARENCHYMAL LIVER DISEASE

Overall assessment-Of the 67 patients with histological evidence of either
steatosis or fibrosis, 59 yielded abnormal results on ultrasound scanning of
the liver, resulting in a sensitivity of 87%. An abnormal ultrasound finding
was highly important, only two patients without histological evidence being
incorrectly identified as having liver disease (specificity 89%). One patient
had increased lipofuscin on histological examination but no other
abnormality. Overall, 47 of the 50 patients with alcoholic liver disease
yielded abnormal ultrasound findings (sensitivity 94%).

Steatosis-Ultrasound scanning correctly identified 45 of the 48 patients
with steatosis (sensitivity 94%). All patients with moderate and severe
steatosis were correctly identified, while the three false negative results
(table II) occurred in patients who had mild fatty infiltration on biopsy. Six
patients yielded false positive results for steatosis (specificity 84%), five of
whom had established cirrhosis and one normal liver architecture but
increased lipofuscin pigment. Of the patients with steatosis, 40 (84%) had
alcoholic liver disease. The other causes of steatosis were diabetes mellitus,
drugs (amiodarone, methotrexate), congestive cardiac failure, and reactive
hepatitis (four cases). The sensitivity of scanning compared with liver
function tests as a marker of steatosis was difficult to assess as abnormal
results of liver function tests were the major indication for biopsy. Two
patients, however, with normal results of liver function tests and ultrasonic
evidence of steatosis were found to have fatty infiltration and other signs of
alcoholic disease on biopsy.
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Fibrosis-Ultrasound scanning was less accurate in detecting liver
fibrosis, correctly identifying 20 patients (sensitivity 57%). Of the 15
patients with fibrosis missed on scanning, nine had concomitant steatosis
that was correctly identified. Six false positive scans for fibrosis occurred
(specificity 88%); five of the patients had steatosis.

Ultrasound scanning was more accurate in the subgroup with cirrhosis,
correctly identifying increased fibrosis in 15 out of 21 patients (sensitivity
71%). Regeneration nodules, however, were found in only six of the 21
patients. The six patients with cirrhosis who yielded false negative results
were quite heterogeneous. Two patients with primary biliary cirrhosis were
thought to have normal livers on scanning, one patient with Wilson's disease
and one with cryptogenic cirrhosis were incorrectly thought to have
steatosis, and in two other patients with cirrhosis (one alcoholic, the other
induced by methotrexate) steatosis was correctly diagnosed but cirrhosis
missed.

NORMAL LIVER

Only one of the 76 patients with irritable bowel disease with presumed
normal livers had an abnormal ultrasound pattern. This man admitted
drinking 12 pints of beer at weekends (mean alcohol consumption 34 g daily)
but yielded normal results to laboratory tests. Assuming that all 76 patients
had normal liver histology, the specificity of scanning for liver disease in this
group was 99%.

TABLE I-Final clinical diagnosis for all patients

No of patients No of patients

Alcoholic liver disease 50 Cirrhosis associated with
Cirrhosis
Precirrhosis

Metastases*
Chronic active hepatitis
Reactive hepatitis
Hepatocellular carcmnomaf
Primary biliary cirrhosis
Normal
Chronic persistent

hepatitis
Cryptogenic cirrhosis

13 methotrexate
37 Cirrhosis associated

5 with amiodarone
4 Steatosis associated with
8 diabetes mellitus
3 Epstein-Barr virus hepatitis
3 Polyarteritis
4 Wilson's disease

Congestive cardiac failure
2 Functional bowel disease
2 (biopsy not done) 76

*Includes one patient with cryptogenic cirrhosis.
tIncludes two patients with alcoholic liver disease.

TABLE II-Histological findings and accuracy of ultrasound in detecting hepatic
steatosis andfibrosis in 85 patients who underwent liver biopsy

Ultrasound

False Sensitivity False Specificity
Histology negative (%) positive (%)

Total steatosis 48 3 94
Severe 11 100
Moderate 15 100
Mild 22 3 86

No steatosis 37 6 84

Total fibrosis 35 15 57
Cirrhosis 21 6 71
Precirrchotic 14 9 35

No fibrosis 50 6 88

Discussion

Percutaneous liver biopsy is required for the definitive assess-
ment of parenchymal liver disease. Although both hepatic steatosis
and fibrosis are diffuse processes, their distribution may vary,
resulting in sampling error of up to 10%.89 Despite this limitation
liver histology was used as the gold standard in this study. Real
time ultrasound scanning has the advantage over liver biopsy in
providing a rapid overall assessment of liver morphology in addition
to being routinely available and completely safe. For these reasons
scanning fulfils two important criteria for a good screening
procedure to detect liver disease. The major requirement for a
screening procedure, however, is a high degree of sensitivity and
specificity for detecting major liver diseases. In the practical
management of treatable liver disease the detection ofalcoholic liver
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disease should be emphasised, ideally before cirrhosis develops,
allowing resources to be concentrated on this subgroup to prevent
irreversible liver disease.

This study shows that ultrasound scanning performed during the
course of the routine clinical workload was 87% sensitive and 89%
specific in detecting fatty infiltration or fibrosis of the liver that had
been proved by histology. The major disease missed was cirrhosis:
three patients with cirrhosis had normal ultrasound scans; one had
cryptogenic cirrhosis with metastatic liver disease (the metastatic
disease was correctly identified); and two had primary biliary
cirrhosis. In the largest subgroup, alcoholic liver disease, 47
patients (94%) had abnormal ultrasound scans. Most (35) had
potentially reversible precirrhotic disease.
When the diseases were considered separately scanning was more

sensitive in detecting hepatic steatosis than fibrosis. All cases of
moderate and severe fatty infiltration were identified, as were most
mild cases. Steatosis due to a variety of aetiological factors was
identified, including steatosis due to diabetes mellitus, metho-
trexate, amiodarone, and alcohol. Ultrasound scanning was highly
specific in distinguishing fatty liver from normal liver (only one false
positive result). Fibrosis was less reliably detected, with only 57% of
patients with histologically increased fibrosis identified. The sub-
group with established cirrhosis was more accurately identified: 15
patients (71%) were shown to have increased fibrosis on scanning.
The lack of sensitivity in detecting fibrosis is only a theoretical

limitation when testing for alcoholic liver disease, because of the
frequent association of steatosis with fibrosis. Thus all patients with
alcoholic liver disease in this series with increased fibrosis had
abnormal liver echo patterns, although in many cases only the
steatosis was specifically recognised because of the failure to detect
pin head echoes within the fine echo pattern.
The wide variation in the reported sensitivity of ultrasound

scanning in detecting hepatic steatosis from 9%6 to 94% in this study
is caused by two major factors. Firstly, there are important
differences between our study and other series in the criteria for
steatosis and fibrosis used, particularly the importance of posterior
beam attenuation. Secondly, there is an important difference
between the ultrasound transducers used. Two groups believe that
minimal beam attenuation occurs in steatosis while increased beam
attenuation signifies fibrosis.' 12 This view contrasts completely with
our own. One reason for this discrepancy is that other workers have,
in fact, observed the effect of severe steatosis associated with
fibrosis. In vitro studies support our views; thus Bamber et al
examined the acoustic properties of fat and collagen in the liver and
found much higher attenuation with steatosis compared with
fibrosis.'8 We have also established our view in patients with
histological evidence of fibrosis but no evidence of any appreciable
steatosis. Interestingly, despite the use of different criteria other
workers have arrived at detection rates remarkably similar to
ours.7 This is probably because, although they made observations
regarding beam penetration, their final assessment depended
heavily on the characteristic fine echo pattern of steatosis and the
coarse echo pattern of fibrosis.
The second major factor was the use ofa 5 mHz transducer in this

study, in contrast to the 2-25 mHz or 3-5 mHz transducers used in
other studies. Attenuation and backscatter of the sound beam is
considerably less with a 3-5 mHz than with aS mHz beam, and thus
the extent of posterior beam attenuation is more difficult to
appreciate. The severity of steatosis is also important, as sensitivity
increases with greater degrees of infiltration. Thus in this study the
sensitivity in detecting moderate and severe steatosis was 1000/p,
while in an earlier retrospective study the sensitivity increased from
60% overall to 900/o when only moderate and severe cases were
considered."I Unfortunately, the severity of steatosis was not
assessed in the study ofMeek et al.6
The specificity ofscanning for liver disease is difficult to establish

from our findings, as histological verification that our control group
had normal livers was not considered to be justified. Nevertheless,
three recent series that have compared histological and ultrasound
examination of the liver in normal subjects all reached similar
conclusions-namely, that false positive results were exceedingly
rare, with specificity ranging from 94 to 100%/.'1"82 In this study in

the subgroup of patients with irritable bowel disease (who did not
undergo biopsy but were presumed to have normal liver histology)
there was one false positive result, resulting in a specificity of 99%.
A recent report questioned the ability of ultrasound scanning to

distinguish between steatosis and fibrosis.'2 The authors suggested
that in many cases fibrosis and steatosis occurred together and it was
the fibrotic component that produced the increased echogenicity in
"fatty" liver rather than the fat itself. The present series, however,
shows that this theory is incorrect as 30 of 33 patients with pure
steatosis and no increased fibrosis on liver biopsy produced
abnormal echo patterns. The reason why scanning is less sensitive in
detecting fibrosis is not clear. In mixtures of steatosis and fibrosis
the features of steatosis often predominate, masking the fibrotic
component. Less severe cases of fibrosis would be expected to be
more difficult to distinguish because they produce minor echo
abnormalities. Six cases of established cirrhosis were missed in this
study. In four cases (two wrongly interpreted as showing moderate
steatosis and two with severe steatosis) the error was almost
certainly caused by difficulty in distinguishing between fatty
infiltration and fibrosis existing together. Interestingly, the two
other patients had primary biliary cirrhosis, and other authors have
commented on the difficulty in detecting primary biliary cirrhosis
by ultrasound scanning.7

It is accepted that alcoholic liver disease is underdiagnosed.
Several screening tests have been used to increase detection,
including standard biochemistry,'3 mean corpuscular volume,'4 and
the presence of rib fractures on chest radiography.'5 16 Although
individually, or particularly in combination, they may be accurate
in detecting alcoholic liver disease, none provides any information
regarding prognosis for the development of cirrhosis.'6
The recognition of precirrhotic alcoholic liver disease may

be more important than previously thought. Although hepatic
steatosis is completely reversible with abstinence, recent work has
shown that the degree of steatosis is a major prognostic factor for the
development of cirrhosis.'7 It is well known that only 15-20% of
heavy alcohol abusers develop cirrhosis; thus there must be a factor
that induces susceptibility. Steatosis seems to be a marker for this
susceptibility. On the basis of our study routine ultrasound
scanning can accurately identify patients with alcoholic liver disease
who are at risk of developing cirrhosis at an early stage.
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